The spike component of the so called motor unit potential (MUP) recorded in conventional EMG with a concentric needle electrode is generated by only a small proportion of all the muscle fibres in a motor unit.' Action potentials from more fibres, but not all, contribute to the initial and terminal phases, from which the duration is determined. No information is obtained about the size of the motor unit comprising the total number and size of component fibres with this technique. Knowledge of this parameter would be of great value in the understanding of normal physiological and pathophysiological mechanisms in muscle and in particular may help to differentiate between degenerative and regenerative processes which lead to alterations of motor unit size. Macro EMG is a recently developed technique2 which seems to provide this information. This report deals with findings in muscles of healthy subjects of different ages and forms the basis for the further use of the method in patients with neuromuscular disorders.
Methods
The recording electrode consists of a modified SFEMG electrode with a platinum wire 25 ,um in diameter exposed in a side-port 7-5 mm behind the tip. The steel cannula 0-55 mm in diameter is insulated to within 15 mm of the tip. Recordings are made on two channels. On one the derivation is made between the electrode shaft and the central core of a subcutaneously inserted concentric needle *Present address: Muscular Dystrophy Group Research Laboratories, Newcastle General Hospital, Westgate Road, Newcastle upon Tyne, England. electrode placed remotely from the muscle under investigation. Filter settings are On the other channel a SFEMG derivation is made between the small surface and the electrode shaft. Filter settings are 500 The SFEMG recording is used to trigger the oscilloscope.
The signal from the electrode shaft is delayed usually about 40 ms and then averaged by which means the action potential of the synchronously firing motor unit is extracted, the Macro motor unit potential (Macro MUP). The averaging procedure has been performed in two different ways: (a) initially by using an external averager included in the EMG equipment, (b) later by using a microprocessor. In the latter technique A/D conversion is started at the time of the SFEMG action potential. The delayed signal is alternatively averaged in one of two buffer stores. By point-topoint subtraction of the signals in the two stores and adding the absolute values of these differences a value is obtained indicating the dissimilarity between the averaged signals. This provides a "quality control" of the averaging process.3 When the difference falls below a preset value the average of the two signals is obtained for final analysis. In order to ensure that activity from the same motor unit is studied throughout each acquisition the triggering SFEMG recording is continously checked at a higher sweep speed, usually 0 5 ms/div on a separate oscilloscope. The fibre density changes were accompanied by some increase in jitter and even blocking in a few of the recordings. The findings are interpreted as signs of slowly progressing reinnervation with remodelling of the motor unit.
The Macro EMG also changed with age in two of the three muscles examined. In both vastus lateralis and tibialis anterior there was a slight trend towards higher values particularly after the age of 60.
What is the cause for the increase in the Macro MUP amplitude? The following are some comments about the factors determining the Macro EMG signal. The recording electrode probably gives rise to pronounced shunting effect of the electrical field of the closest muscle fibres. A fibrillation potential for example generates a "Macro MUP" of an amplitude of less than 5 ,uV in comparison to the 100 to 300 ,uV of the voluntarily activated motor unit. The electrode has a low impedance and consequently can rather faithfully record low frequency components enabling activity from more distant fibres to make significant contribution to the Macro signal. Furthermore the large electrode extends through many fascicles, traversing the whole motor unit, thereby increasing its chance of summating activity from the major part of the motor unit. The electrode therefore has a large uptake area, which probably includes the whole motor unit. This assumption is Stllberg, Fawcett supported by the fact that the Macro MUP has often the same shape for different electrode positions within the motor unit. Certainly the most adjacent muscle fibre gives the largest contribution to the signal but simulation experiments show (Nandedkar, StAlberg, to be published) that by increasing the recording distances from 25 to 275 ,um the amplitude decreased to 54% for the Macro electrode, as compared to 14% for the SFEMG electrode.
The amplitude of the Macro MUP is determined by the average distance of the muscle fibres to the electrode, by the size of the muscle fibres and by the total number of muscle fibres within the motor unit, the volume characteristics of the muscle and the electrical properties of the recording system, including the electrode.
Because of the recording method the electrode is always within the territory of the motor unit and the average distance from all fibres varies by a factor of less than two from an optimal position in the middle of a motor unit to a position at the margin. The experiment where this was tested by inserting the electrode at different sites located perpendicularly to the main direction of the motor unit at the same level along the muscle fibres showed difference in amplitude values which agreed with this (about 50% difference between extreme amplitude values). Similar values are found in simulation experiments.
The second factor to be considered is fibre size, the significance of which we have seen in the lower than normal Macro MUP amplitudes recorded from muscles of patients with immobilisation atrophy compared to normal. With other parameters unchanged, a small muscle fibre will generate lower action potential at the electrode since its relative distance, measured in diameters, is increased.
A third factor is the number of muscle fibres. For the compound nerve action potential the number of generators seems to be more important than their individual size'2 which may be true also in muscle.
The effect of the volume conduction properties of muscle tissue and of the electrode characteristics on the obtained signal is not yet known in detail, which makes it impossible to translate MUP amplitudes into exact numerical motor unit parameters. These factors vary probably less between subjects than other determinants of the recorded signal. The recording system is kept standardised and as for other types of electrodes, new normal values have to be determined.
What is the explanation for the large scatter of motor unit size observed? One is related to the localisation of the motor unit within the muscle. Separate studies showed a slight decrease in amplitudes with increasing recording depth in some subjects but no difference in others. In earlier versions of the Macro EMG method the whole electrode was uninsulated and the amplitude reduction for deep motor units, more pronounced than with this electrode, was explained partly as an effect of increasing shunting effect when a larger part of the cannula was inserted in the muscle. With the present electrode the same amount of bare cannula was inside the muscle in all recordings and this effect is therefore eliminated. Different sizes of superficial and deep motor units, also indicated by other techniques seems to be the most likely explanation for the differences.'3 In the present investigations efforts were made to obtain recordings equally representing all depths.
Another factor is the recruitment threshold. As known from other studies motor units recruited at a higher activation threshold tends to be larger. '4 The reasons for the differences in degree of age changes noted in the muscles studied are unknown. Factors such as ventral horn cell degeneration, peripheral nerve degeneration, entrapment at root or more distal sites and repeated nerve traumata have to be considered. The combination of these factors vary for different muscles.
In summary the Macro EMG motor unit potentials increase with age more in distal than in proximal muscles. The changes with age are most likely due to reinnervation after a preceding denervation. The changes are of such a magnitude that the age has to be taken into account when the method is used to study motor units in different neuromuscular disorders.
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